A population-based case-control study of physical activity and prostate cancer risk was conducted in Alberta, Canada, between 1997 and. A total of 988 incident, histologically confirmed cases of stage T2 or greater prostate cancer were frequency matched to 1,063 population controls. The Lifetime Total Physical Activity Questionnaire was used to measure occupational, household, and recreational activity levels from childhood until diagnosis. Multivariable logistic regression analyses were conducted. No association for total lifetime physical activity and prostate cancer risk was found (odds ratio (OR) for ≥203 vs. <115 metabolic equivalent-hours/week/ year = 0.87, 95% confidence interval (CI): 0.65, 1.17). By type of activity, the risks were decreased for occupational (OR = 0.90, 95% CI: 0.66, 1.22) and recreational (OR = 0.80, 95% CI: 0.61, 1.05) activity but were increased for household (OR = 1.36, 95% CI: 1.05, 1.76) activity when comparing the highest and lowest quartiles. For activity performed at different age periods throughout life, activity done during the first 18 years of life (OR = 0.78, 95% CI: 0.59, 1.04) decreased risk. When activity was examined by intensity of activity (i.e., low, <3; moderate, 3-6; and vigorous, >6 metabolic equivalents), vigorous activity decreased prostate cancer risk (OR = 0.70, 95% CI: 0.54, 0.92). This study provides inconsistent evidence for the association between physical activity and prostate cancer risk.
A population-based case-control study of physical activity and prostate cancer risk was conducted in Alberta, Canada, between 1997 and 2000. A total of 988 incident, histologically confirmed cases of stage T2 or greater prostate cancer were frequency matched to 1,063 population controls. The Lifetime Total Physical Activity Questionnaire was used to measure occupational, household, and recreational activity levels from childhood until diagnosis. Multivariable logistic regression analyses were conducted. No association for total lifetime physical activity and prostate cancer risk was found (odds ratio (OR) for ≥203 vs. <115 metabolic equivalent-hours/week/ year = 0.87, 95% confidence interval (CI): 0.65, 1.17) . By type of activity, the risks were decreased for occupational (OR = 0.90, 95% CI: 0.66, 1.22) and recreational (OR = 0.80, 95% CI: 0.61, 1.05) activity but were increased for household (OR = 1.36, 95% CI: 1.05, 1.76) activity when comparing the highest and lowest quartiles. For activity performed at different age periods throughout life, activity done during the first 18 years of life (OR = 0.78, 95% CI: 0.59, 1.04) decreased risk. When activity was examined by intensity of activity (i.e., low, <3; moderate, 3-6; and vigorous, >6 metabolic equivalents), vigorous activity decreased prostate cancer risk (OR = 0.70, 95% CI: 0.54, 0.92). This study provides inconsistent evidence for the association between physical activity and prostate cancer risk.
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Physical activity may have an inverse association with prostate cancer risk; however, the epidemiologic evidence is currently inconsistent and the magnitude of the risk reduction observed is small (1). Among 30 previously conducted studies, 14 studies (2-15) suggested an inverse association of physical activity with prostate cancer; however, no overall association was found in 12 studies (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) , and an increased risk of prostate cancer was observed among the most physically active men in four other studies (28) (29) (30) (31) . These inconsistent results could be attributable, in part, to methodological issues in these studies, including variations in latent disease detection and possible outcome misclassification, crude assessments of physical activity, inadequate control for confounding, and incomplete examination of effect modification. This study was conducted to address gaps in previous studies. Specifically, all types and parameters of physical activity throughout lifetimes were assessed, and a full examination of confounding factors and potential effect modifiers was undertaken. and able to complete an interview and if they did not have another previous cancer except nonmelanoma skin cancer. Cases were restricted to stage T2 or greater to eliminate clinically unapparent cases, since controls were not screened for prostate cancer. The referring urologist was sent a staging form to complete for all cases identified as potentially eligible. If the urologist staged the case as T2 or greater, the cases were eligible for the study. Permission to contact patients was sought through their referring physician. Once permission was obtained, in-person interviews were conducted. A total of 1,965 cases were identified as potentially eligible; of these men, 626 could not be contacted for an interview because of physician refusal (n = 24), language barrier (n = 25), moved or telephone disconnected (n = 42), more than 6 months from diagnosis to case ascertainment for the study (n = 511), or deceased (n = 24). Of the remaining 1,339 eligible men, 1,014 (75.7 percent) completed an inperson interview, 265 (19.8 percent) refused, two had an incomplete interview, 34 (2.5 percent) could not be contacted, and 24 were unsuitable for an interview (1.8 percent).
Male controls were identified through random digit dialing using a pool of telephone numbers randomly generated from available prefixes for the province of Alberta. Controls were frequency matched to cases on age (±5 years) and place of residence (urban/rural) and were free of any cancer diagnosis excluding nonmelanoma skin cancer. The telephone recruiters identified 2,014 men as potentially eligible and 1,276 men (63.3 percent) agreed to receive a study package, but 49 men (3.8 percent) could not be interviewed for the following reasons: moved or telephone disconnected (n = 8), not eligible (n = 5), previous cancer diagnosis (n = 5), language barrier (n = 1), deceased (n = 1), too ill (n = 1) or unsuitable to interview (n = 5), unable to contact (n = 5), or not available during the study period (n = 18). Interviews were completed with 1,082 of the 1,227 (88.2 percent) of the eligible and available men who received the study package. The overall response rate for the controls was 53.7 percent (1,082/2,014). The final data set for analysis included 988 cases and 1,063 controls, since 26 cases and 19 controls had to be removed because their dietary data had too many missing values (n = 29), the interviews were rated as unsatisfactory or questionable by the interviewers (n = 10), or the cases were ineligible because the cancer stage was less than T2 (n = 6).
Data collection
Respondents reported their personal health history, prostate cancer-screening history, prostate conditions, history of surgery, family history of cancer, lifetime physical activity patterns, dietary intake during the reference year, lifetime alcohol consumption history, smoking habits, demographic characteristics, and usual adult height and weight at each decade of age from 20 to 60 years. All data were up to the date of diagnosis for the cases, and a comparable date for the controls was determined by frequency matching the controls to the cases on time since diagnosis. Diet during the reference year was assessed with the National Cancer Institute's Block food frequency questionnaire (33) . The average time interval between diagnosis and interview was 137 days (range, 48-268 days).
One recall calendar focusing on major life events, including residence, education, occupation, and physical activities performed throughout the lifetime, was mailed to the participants before the interview. This calendar, designed specifically for this study, was pilot tested with the questionnaire and used as a means to improve respondent recall of lifetime physical activity. The interviewers used cognitive interviewing methods (34) to assist the respondents in answering the questions. Several quality control measures of the interviewers' methods were incorporated into the study design, for example, regular meetings and monitoring of the interviewers' methods.
Lifetime physical activity was estimated using a questionnaire that had been tested for reliability (35) , with a reliability correlation of 0.74 for total lifetime activity, and that had been used in a case-control study of breast cancer (36) . This questionnaire assessed occupational, household, and recreational activities separately throughout a respondent's lifetime (from childhood to the reference date, i.e., the diagnosis date for cases and a comparable date for controls), using a table format rather than specific questions. The patterns of physical activity are recorded by the interviewer, including the age started, aged ended, number of months per year, weeks per month, days per week, and hours per day that each activity was performed, so that the frequency and duration of these activities can be determined. The participants also reported the intensity of their activity as sedentary (used for occupational activities only), light, moderate, or heavy (i.e., self-reported intensity). For occupational activity, we obtained the job title as well as up to three descriptors of the actual activity performed at paid or volunteer occupational activities (e.g., standing, sitting, walking). Definitions for each intensity level by type of activity were provided with examples for the study participants. In addition to self-reported intensities, a specific metabolic equivalent (MET) value based on the description of the activity was assigned to each reported activity. The MET values used were abstracted from the Compendium of Physical Activities (37) . A MET value is defined as the ratio of the associated metabolic rate for a specific activity to the resting metabolic rate (38) . One MET is the average seated resting energy cost of an adult and is set at 3.5 ml of oxygen per kg per minute. The variables estimated in this analysis were the average MET-hours per week per year spent in occupational, household, and recreational activities over the respondent's lifetime (36) . Total lifetime physical activity was estimated as the sum of occupational, household, and recreational activities. At the end of the interview, interviewers used standardized methods to measure the study participants' current height, weight, and waist and hip circumferences.
Statistical analysis
Descriptive statistics were performed to characterize the study population and to examine case-control differences. Dietary, alcohol, and physical activity variables were categorized into quartiles according to the distribution of the variables among the controls. Odds ratios for prostate cancer were estimated using unconditional logistic regression, and a full assessment of confounding and effect modification was done. Univariate modeling was initially used to identify potential risk factors for prostate cancer in these data. Variables considered as confounders were age, region of residence (urban/rural), education, marital status, ethnic or cultural group, frequency of regular check-ups, number of digital rectal examinations and prostate-specific antigen tests, ever diagnosed with heart disease, hypertension, other chronic diseases, first degree family history of prostate cancer, first degree family history of other cancers, ever cigarette smoking, ever smoking both cigarettes and pipes, total pack-years of smoking, ever alcohol consumption and total lifetime alcohol intake, ever had a vasectomy, ever diagnosed with benign prostatic hyperplasia, body mass index (weight (kg)/height (m) 2 ), waist/hip ratio, weight gain from age 20 years to the reference year, total caloric intake, daily dietary fat, and carbohydrate, protein, and lycopene intakes. Only those variables that were confounders in this data set or for which there was a biologic rationale were included in the final model. Determination of confounding was done by assessing both the association between the confounder and outcome and a change in risk effect. Final models were adjusted for age, region, family history of prostate cancer, total caloric intake, body mass index, waist/hip ratio, total lifetime alcohol intake, education, and frequency of digital rectal examinations and prostate-specific antigen tests (excluding the last test performed in cases during the year prior to the interview that may have been a diagnostic tool and not a screening test). Models of each type of physical activity were adjusted for the other types of activity. Possible effect modification was assessed in this study by stratifying all models by age (<65 years and ≥65 years), family history of prostate cancer, body mass index (<25, 25-30, >30), and alcohol intake (ever vs. never). Tests for linear trend were performed for all models of categorized data by including the continuous, rather than the categorized, variable for each of the variables being modeled, and all p values reported are two sided. The association between physical activity and prostate cancer risk was examined in three sets of analyses. The first considered how risk was related to the type of physical activity, the second to the time period in life, and the third to the dose (specifically, the intensity, duration, and frequency) of activity.
RESULTS
The cases and controls had similar sociodemographic characteristics (table 1) with the exception that a higher percentage of controls had completed college or university education. Cases were clearly more likely to have ever visited a urologist and to have experienced a higher incidence of benign prostatic hyperplasia, prostatitis (data not shown), and other prostate conditions (data not shown). These benign conditions, while not risk factors for prostate cancer, may have increased the likelihood of screening for prostate cancer and subsequent diagnosis. Cases and controls had comparable medical histories with the exception of family histories of prostate cancer or other cancers that were more prevalent among cases than controls. Smoking and alcohol consumption histories were also similar between the two groups as were their anthropometric characteristics. The average amount of total lifetime physical activity completed by the two groups was also very similar.
We then examined the univariable associations of individual risk factors and prostate cancer risk (table 2). A (table 3) . Overall, there was a 13 percent, nonstatistically significant, decreased risk of prostate cancer for those men who were the most physically active in their lifetimes. Occupational and recreational activities decreased risk while household activity increased risk. The greatest risk reduction was for recreational activity, for which the risk was 0.80 (95 percent CI: We then examined for which time period(s) in life physical activity was associated with prostate cancer risk (table 4). A decreased risk of prostate cancer was observed for activity during childhood and adolescence (up to age 18 years) and from age 65 years or more. Early life activity decreased risk by 22 percent, although this decrease was not statistically significant. Activity later in life (≥65 years) decreased risk in the second and third quartiles but not in the upper quartile. No associations with activity performed at any level between ages 18 and 65 years were found. Furthermore, there was little evidence for any dose-response effect with increasing levels of activity and prostate cancer risk.
The question of how the dose of activity was associated with risk was examined in the final two analyses. The first examined risk by light, moderate, or vigorous levels of intensity (<3, 3-6, and >6 METs) (table 5). A decreased risk of prostate cancer was restricted to men who performed at least 4.83 hours per week of vigorous intensity activity. For this group, the risk was 0.70 (95 percent CI: 0.54, 0.92). Light intensity activities decreased risk somewhat, albeit not statistically significantly, and an increased risk was found for moderate intensity activities in the second and third quartiles.
In the final analysis (table 6) , only the frequency and duration of the activities were considered. A 27 percent statistically significant decreased risk of prostate cancer was found among men who had 40 or more hours of occupational activity per week. Prostate cancer risk increased for men who did 8.3 hours per week of household activity but appeared to decrease for men who had between 3 and 4.7 * Adjusted for age, region (four urban vs. rural areas in Alberta), education (highest level of education achieved), body mass index, waist/hip ratio, total caloric intake, average lifetime total alcohol intake, first degree family history of prostate cancer, number of times had prostate-specific antigen test done, and number of digital rectal examinations. Models of each type of activity were adjusted for the other types of activity.
† OR, odds ratio; CI, confidence interval. hours per week of recreational activity. However, no trend of decreasing risk with increasing levels of recreational activity was found.
DISCUSSION
Overall, no association between total lifetime physical activity and prostate cancer risk was observed. However, risk reductions were found for recreational activity, for activity done early and possibly also later in life, for vigorous intensity activity, and for occupational activity when only duration and frequency were examined. There was also an increased risk observed for household activity when considered by total volume of activity (including intensity) and when only frequency and duration were examined. One explanation for the risk reductions found for vigorous and recreational activity is that these are salient events more readily recalled than household activity or lower intensity activities (39) . It is not clear why an increased risk was found for household activity. This increased risk may be real or may be attributable to a higher degree of measurement error associated with this particular type of activity. This study's results can be compared with the 30 previously conducted studies . Of these 30 studies, three were early cohort studies that used prostate cancer mortality as an outcome rather than incidence and broad classifications of physical activity as either usual lifetime occupational activity (14, 15) or college athletic participation (31). The two occupational cohort studies found decreased prostate cancer mortality rates among men with the highest levels of occupational activity, while the college athlete cohort study found higher mortality rates among major athletes. The remaining 27 incident studies were divided into 16 cohort studies (2-8, 12, 16-22, 28 ) and 11 case-control studies (9-11, 13, 23-27, 29, 30) . A wide range of methods for physical activity assessment was used in these investigations, and the definition of the highest category of activity in each study differed across studies. Of these 27 studies, 10 found a borderline or fully statistically significant decreased prostate cancer risk for men who were the most active compared with those least active (2-11); two found a nonsignificant decreased risk (12, 13); 12 observed no effect (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) ; and three found increased risks overall for prostate cancer among those who were the most physically active (28) (29) (30) . When risk reductions are observed in these studies, the magnitude of the decrease is modest, ranging from 10 to 30 percent. This risk reduction is notably less than what has been observed for colon, breast, and endometrial cancers for which reductions of 30-50 percent have been found (1) . Some of the studies examined risks by subgroups within their populations and, for three studies (18, 23, 26) , the subgroup analyses yielded different results from those found for all cases combined. Giovannucci et al. (18) observed a decreased risk associated with the highest level of physical activity only for men with metastatic prostate cancer. Le Marchand et al. (23) stratified the study population into men aged less than 70 years and 70 or more years and found no effect of physical activity in the younger men but a 60 percent borderline significant increased risk of prostate cancer in the older men. Villeneuve et al. (26) found a statistically significant decreased prostate cancer risk for early life strenuous activity for one province (Ontario) in their Canada-wide case-control study. This decreased effect was not found in other provinces or for other age periods.
None of the previous studies had a comprehensive measure of lifetime total activity. Seven studies measured usual lifetime occupational activity (11, 15, 20, 24) or some aspect of recreational activity over the lifetime (9, 26, 27) rather than using current activity as a surrogate for lifetime activity. Le Marchand et al. (23) did record a complete lifetime occupational history but did not measure household or recreational activity. Hence, the results of this study cannot be compared directly with any previous investigation. Nonetheless, for these studies that measured some aspect of lifetime activity, decreased risks for occupational activity were found in two studies (11, 15) and for recreational activity in another study (40) ; however, no effect was found in the remaining studies for occupational and recreational activity (20, 23, 24, 27, 41) . Only one of these studies suggested an increased risk associated with occupational activity within a subgroup of the population (23) .
Few investigators have specifically examined and reported the association between prostate cancer risk and intensity of physical activity (22, 41) , and only one study found a decreased prostate cancer risk for strenuous occupational activity done in early adulthood within a subgroup of the study population (41) . Hence, additional examination of the effect of intensity of activity on prostate cancer risk is * Adjusted for age, region (four urban vs. rural areas in Alberta), education (highest level of education achieved), body mass index, waist/hip ratio, total caloric intake, average lifetime total alcohol intake, first degree family history of prostate cancer, number of times had prostatespecific antigen test done, and number of digital rectal examinations. Models for each level of intensity of activity were adjusted for the other levels of intensity of activity.
† OR, odds ratio; CI, confidence interval. needed to confirm the finding of our study that vigorous intensity activity decreased risk by 30 percent. Clearly, there is considerable inconsistency in the literature on physical activity and prostate cancer risk. Several reasons for the inconsistency across studies are possible. First, the true effect of physical activity on prostate cancer risk may be less than what appears to exist with colon, breast, and endometrial cancers and, hence, the ability to detect these modest associations may be compromised by the measurement methods used in previous studies. Second, the effect of physical activity may be restricted to subgroups within the population. In our study, it appeared that the effect was more evident among younger men and for intense, recreational activity. Giovannucci et al. (18) found a risk reduction for men with metastatic prostate cancer. No other studies have examined effect modification by stage of disease. Hence, physical activity may have a differential effect on prostate cancer risk dependent on numerous factors including age, stage of disease, and type and intensity of activity.
There is an underlying biologic rationale to support an etiologic role for physical activity in prostate carcinogenesis. At least four plausible mechanisms exist that might explain how activity influences prostate cancer risk (42) . These mechanisms include alterations in endogenous hormones, energy balance, immune function, and antioxidant defense mechanisms. Men who are physically active may have lower endogenous androgen levels, decreased body fat, enhanced immune function, and better antioxidant defense mechanisms than inactive men (42) . While evidence exists to support these hypotheses, the association remains weak and unclear. Hence, further epidemiologic studies are needed that also obtain biologic samples so that the biologic mechanisms can be examined simultaneously with the epidemiologic data.
The limitations of this study also need to be addressed. To begin, although this study was population based, we had a lower response rate among the controls than among the cases, which may have introduced a selection bias arising from a possible healthy volunteer bias into our study results. To address this concern, we compared cases and controls on several lifestyle, medical, and health variables. We found that control study subjects were not uniformly more health conscious or healthy than the cases. We also compared the controls with a sample of men surveyed in Alberta as part of Statistics Canada's National Population Health Survey (NPHS) (43) . The comparison was made with men of the same age and also living in Alberta. Results were weighted (and examined) by age category. Our study controls were similar to NPHS participants in terms of marital status; however, controls were more likely to have a university education, and younger members of the cohort were more likely to be White. Controls were less likely to be current smokers, while NPHS participants were more likely to have never smoked. Control participants were more likely to have undergone a medical check-up and to have hypertension, heart disease, and (among younger members of the cohort) a higher body mass index but less likely ever to have had a prostate-specific antigen test. While the assessment of physical activity level in the present study is not comparable with NPHS data, control participants were more likely to be totally sedentary than were NPHS participants. Based on these comparisons, no major selection bias is evident for our control population. The other sources of bias possible in this study are recall and misclassification bias. Since this study was retrospective and because we were interviewing men a few months after their cancer diagnosis, it is possible that they would have ruminated on their diagnosis and biased their responses to these questions. The possibility that such a bias was introduced into this study was reduced by including questions on numerous exposures and by not placing any particular emphasis on physical activity in this questionnaire. In addition, there had been limited public awareness of any association between physical activity and prostate cancer at the time of data collection for this study. Misclassification bias could have occurred in this study since the respondents reported detailed lifetime physical activity patterns. The effect of misclassification of physical activity would have been to decrease the ability of the study to demonstrate an effect of physical activity on prostate cancer risk (nondifferential misclassification bias). Since we observed relatively few associations between physical activity and prostate cancer risk, this bias is a recognized possible limitation of these data.
This study used a comprehensive measure of lifetime physical activity that required several analyses to examine the associations thoroughly. In so doing, there were multiple comparisons made and, consequently, some of the decreased and increased statistically significant associations observed could be attributable to chance alone.
It is equally important to recognize the strengths of our investigation. These include the restriction of cases to T2 or greater stage, the comprehensive measure of lifetime total activity previously shown to be reliable, the large sample size, the complete assessment of confounding and effect modification, and the population-based study design. Given that prostate cancer incidence is increasing in Canada (44) and worldwide (45) and because few modifiable lifestyle risk factors have been elucidated for this second most common cancer mortality among men, a clear rationale exists for further investigations of lifetime physical activity as a means of prostate cancer risk reduction. These studies would ideally include detailed assessments of lifetime activity in other ethnic and racial groups. Our Alberta population was primarily Caucasian and relatively homogeneous with respect to socioeconomic status and underlying risks for prostate cancer. The possibility of effect modification by family history of prostate cancer, as found in this study, should be explored further in future studies.
